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Fig S1: Lm-a chain immunohistochemistry in human VM

(A) Lm-al expression is restricted to the basement membrane surrounding the basal surface neural
tube. Lm-a3 is not expressed in the human VM. Lm-a4 is restricted to the basal laminae of blood
vessels at both 6 and 10 pcw. Meanwhile Im-a5 is expressed on both the ventricular and basal
surfaces of the VM at 6 pcw as well as some interstitial expression. (B) sScRNA-seq data of individual
Im-a chains showing cell types for gene expression in human development. Right axis shows absolute
molecule counts. (C) Lm-a2 expression in the mouse VM at E10.5-E14.5 displays a similar
expression pattern as that seen in the human embryo. Expression can be seen to diminish over time
with negligible positive expression at E14.5.
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Fig S2: Differentiation protocol and patterning of hES cells into mDA progenitors

(A) schematic of hES differentiation protocol with Im treatment at day 14 till fixation. (B)
Immunostainings of day 11 cultures showing cultures to be triple positive for the mDA progenitor
markers FoxA2, Lmxla and Otx2. Cultures are negative for the pluripotency marker Oct4, forebrain
marker Pax6 and the lateral domain marker Nkx6.1. (C) TH+ Neurons at day 35 showing positive
immunoreactivity for a panel of markers (Nurrl, Pbx1a, DDC, Calbl, Girk2) illustrative of bona fide
mDA neurons. Scale bar 50um.
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Fig S3: Lm isoform specificity in regulating mDA progenitor proliferation and survival

(A) Representative images of mDA cultures at day 28 exposed to Im211 at 1 and 4 ygml-, staining for
proliferation (EdU) and neurons (TH). At low concentrations (1 pgml-?), no significant difference in
proliferation (B) is detected between any of the Im isoforms whilst an increase in TH+ mDA neurons
(C) is observed on Im211. At high concentrations (4 ugmlt), no differences are detected in the number
of mDA progenitors that are EdU+ (D) or TH+ (E). (F,G) Significantly fewer aC3* cells can be seen at 1
pgml-1 of Im211 suggesting the increase in TH* neurons is due to increased survival.

*p<0.001, ANOVA Tukeys post test, N=3
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Integrin alpha6

Integrin beta1

Fig S4: Expression of Im receptors

Integrins a6

1 and Dystroglycan are expressed in the mouse VM and on hES derived mDA

a7,

progenitors at day 14 of culture. sScRNA-seq of the hVM identifies radial glial (hRgl1-3) and VM

progenitors (hProg) positive for Im receptor expression. Right axis shows absolute molecule counts.

Scale bar 50um.
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Fig S5: Specificity of laminin-receptor interactions

(A) Integrin a6 and a7 blocked with antibodies in the presence of 4 ugml* of Im111, Im411 and Im511.

When cultures are exposed to the integrin blocking antibodies, the Im-driven increase in proliferation
is abrogated suggesting that the integrin receptors are mediating the proliferative effects of Im. (B)
Blocking the a-dystroglycan receptor with no exogenous Im211 does not effect the number of TH+
neurons generated. N=3, two-tailed unpaired t-test, *p<0.001.
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Wild-type

Fig S6: Lm-a2 expression in the wild-type and lama2” mouse VM
No Lm-a2 expression can be detected in the lama2” embryos confirming the knock-out.
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Fig S7: Lama2™ exhibit defects in growth but normal patterning
(A) Cross-sections of wild-type and lama2”- mesencephalon at E10.5 (scale bar 100 ym) with the
mutant mesencephalon significantly smaller in area (B). The dopaminergic domain consisting of
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FoxA2, Lmx1a and Corin (scale bar 50 pm). Fewer FoxA2 cells are present in the lama2- midbrain
(D). The area of each domain was calculated and normalised to the area of the ventricle. No
significant differences were detected in the size of the normalised FoxA2 (E), Lmxla (F) and Corin
(G). Nkx6-1+ cells can be seen laterally and are induced in both the mutant and wild-type embryo at
E10.5 (scale bar 50 um) (H). Potential ectopic expression and a delay in the lateral expansion
and medial inhibition of Shh expression in the mutant embryos at E12.5 can be seen. Wntl
expression is comparable to wild-type and previously published reports (scale bar 100 um) (1).
Dopaminergic domain remains smaller at E12.5 (scale bar 50 um) (J) in the mutant embryo compared
to wild-type, consisting of fewer FoxA2 cells (K) but when normalised for ventricle size, there are no
significant differences in FoxA2 (L), Lmx21a (M) or Corin (N) domain size. N=4-6, two-tailed unpaired
t-test.
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Fig S8: Ectopic mDA neurons in the VM of lama2” embryos

TH+ mDA neurons can be seen lining the ventricular surface of Im-a2 null embryos at E10.5 (orange
arrows). Ectopic mDA neurons (orange arrowhead) at the ventricular surface (dashed line) continue to
be observed at E12.5. Scale bar 50 uym.
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Fig S9: Reduced mDA neurons in the VM at E14.5
Significantly fewer TH+ mDA neurons in the VM of mutant embryos compared to wild-type littermate
controls. N=6, two-tailed unpaired t-test, scale bar 50 pm.
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Fig S10: Development of non-mDA VM neurons compromised in lama2” mutants.

Brn3a+ red nucleus neurons, derived from FoxA2+ progenitors, are significantly reduced in the
mutant embryos compared to wild-type littermate controls at E14.5. N=6, two-tailed unpaired t-test,
scale bar 50um.
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Fig S11: Smaller mutant brains compared to wild-types at P15
Lama2” brains are significantly smaller than WT littermate controls, quantified via mass. N=4, two-
tailed unpaired t-test.
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Y
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Fig S12: VM of wild-type and mutant P15 brains showing reduced number of neurons

Large panels are images of the whole VM from wild-type and lama2”- P15 brains along the rostral-
caudal axis showing reduced TH+ immunoreactivity (white) in the mutant brains (scale bar 100 ym).
Images to the side are expanded view of the red boxes displaying TH (white) and Calbl (red) (scale
bar 50 yum). Fewer TH+ Calbl+ double positive cells can be seen in the mutant brains, particularly in
the more caudal sections.
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Table S1: List of Antibodies and dilutions used in this study. References detailing specificity
of antibodies are provided.

Protein Species | Company (cat.no.) Dilution | Reference

Laminin a1 Rabbit Assay Biotech (C13064) 1:200 (Olsen et al., 1989)

Laminin a2 Rabbit Assay Biotech (C13065) 1:200 (Yap et al., 2019)

Laminin a3 Rabbit Assay Biotech (C13066) 1:200 (Ishihara et al., 2018)
Laminin a4 Goat R&D (AF3837) 1:400 (Yao et al., 2014)

Laminin a5 Rabbit Assay Biotech (C13068) 1:200 (Blanco et al., 2016)

Integrin a6 [GoH3] Rat R&D (MAB13501) 1:500 (Sonnenberg et al., 1987)
Integrin a7 Rabbit Abcam (ab75224) 1:500 (Previtali et al., 2003)
Integrin 31 [MB1.2] Rat Millipore (MAB1997) 1:500 (Von Ballestrem et al., 1996)
Dystroglycan [IIH6] Mouse SantaCruz (sc-53987) 1:1000 | (Gee etal., 1994)

FoxA2 [M-20] Goat SantaCruz (sc-6554) 1:500 (Hatzis and Talianidis, 2002)
Ki67 [SP6] Rabbit Abcam (ab16667) 1:500 (Ekholm et al., 2014)

Nurrl [N1404] Mouse Abcam (ab41917) 1:500 (Abasi et al., 2012)

TH Rabbit Millipore (AB152) 1:1000 | (Ryczko et al., 2016)

Girk2 Goat Abcam (ab65096) 1:500 (Fernandez-Alacid et al., 2011)
Calbindin Mouse Swant (300) 1:1000 | (Martin del Campo et al., 2014)
Otx2 Goat R&D (AF1979) 1:1000 | (Sakaietal., 2017)

Oct4 [C-10] Mouse SantaCruz (sc-5279) 1:1000 | (Kristensen et al., 2010)
Lmx1a Rabbit Millipore (AB10533) 1:1000 | (Laguna et al., 2015)

Nkx6.1 Mouse DHSB (1:50) 1:100 (Pedersen et al., 2006)
aCaspase 3 [ASP175] Rabbit Cell Signalling (9661s) 1:500 (Wang et al., 2017)

Pax6 Rabbit Abcam (ab5790) 1:200 (Tan et al., 2016)

Ngn2 [C-16] Goat SantaCruz (sc-19233) 1:1000 | (Mazzoni et al., 2013)

Corin [231443] Rat Invitrogen (231443) 1:500 (Paik et al., 2018)

DDC Goat R&D (AF3564-SP) 1:250 (Sandmeier et al., 1994)
Pbxla [710.2] Mouse SantaCruz (sc-101851) 1:250 (Villaescusa et al., 2016)
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